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Abstract: The cutting method plays a critical role in determining the cut-edge quality and corrosion resistance of Zn—-Al-Mg alloy-
coated steel. This study systematically compared the corrosion behavior at cut edges produced by different cutting processes. Plasma
cutting caused oxide formation and partial evaporation of the zinc layer, resulting in darkened cut surfaces and rapid initial red rust
formation due to loss of sacrificial protection. Shear cutting induced localized mechanical deformation and coating damage, leading to
progressive corrosion initiation at damaged regions. In contrast, waterjet cutting produced clean cut edges with minimal thermal and
mechanical damage, thereby maintaining surface stability and delaying corrosion. Gradual color changes during exposure indicated
the formation of corrosion products associated with oxidation and self-healing behavior. Overall corrosion resistance followed the
order: waterjet > shear > laser > plasma cutting. These results demonstrate that minimizing thermal and mechanical damage at the cut
edge is essential for preserving the sacrificial protective function of Zn—Al-Mg coatings. Accordingly, waterjet and precision shearing

are recommended for marine and outdoor structural applications.
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1. Introduction

Zn-Al-Mg alloy-coated steel is widely used in industrial appli-
cations requiring high corrosion resistance, such as marine struc-
tures. Under corrosive conditions, Zn is preferentially oxidized,
and in the presence of chloride ions (Cl"), a self-healing process
occurs in which red rust is gradually covered by white rust due
to the formation of simonkolleite [1]. This behavior serves as an
effective protective barrier, particularly at cut edges.

Self-healing at cut edges generally requires a prolonged expo-
sure period and is strongly influenced by environmental condi-
tions. At these locations, the exposed base metal can act as a site
for localized corrosion, which may directly reduce the durability
and service life of the entire structure [2]-[4].

In practical fabrication of steel structures, machining pro-
cesses such as cutting, drilling, and welding are routinely applied
to satisfy installation and assembly requirements. These pro-
cesses may introduce thermal and mechanical damage, including

partial coating evaporation, oxide formation, microstructural

alteration, and exposure of the substrate. Therefore, for high-cor-
rosion-resistant steels, the choice of cutting method appropriate
to the material is an important factor governing cut-edge condi-
tion and subsequent corrosion performance. Common steel cut-
ting processes include mechanical cutting, flame cutting, plasma
cutting, and waterjet cutting, each exhibiting distinct characteris-
tics. Mechanical cutting is performed without thermal input,
thereby minimizing heat-affected zones, although localized mi-
cro-cracks may be introduced due to mechanical deformation.
Flame cutting involves significant thermal input, which can in-
duce oxidation and partial damage to the coating layer. Plasma
cutting is characterized by high cutting speed and precision; how-
ever, the localized high-temperature exposure may result in coat-
ing degradation and surface damage at the cut edge. In contrast,
waterjet cutting is a heatless process that effectively preserves the
coating layer, making it particularly suitable for applications
where maintaining coating integrity is critical.

Previous studies have reported on the evaluation of corrosion
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resistance on the cut surface of Zn-Al-Mg layers, but there are
very limited cases of analysis of corrosion resistance characteris-
tics due to long-term exposure to the mechanism of interaction
between the cutting method and the layer composition [5][6].
Therefore, this study compared and analyzed the degree of
layer damage and corrosion behavior at the cut surface of Zn-Al-
Mg alloy steel by applying four cutting methods: shear, plasma,
laser, and waterjet. Through this, the effect of processing method
selection on securing corrosion resistance of Zn-Al-Mg alloy
steel is identified, and the optimal processing strategy is pre-
sented according to thermal and mechanical damage at the cut

surface.

2. Experimental Method

2.1 Specimens and Cutting Methods

In this study, Zn- 2.5% Al-3.0% Mg alloy steel was used. The
substrate thickness was divided into four types, 1.6 mm, 2.0 mm,
3.0 mm, and 3.2 mm, and the coating weights were 60g/m?(M06)
and 300 g/m*(M30). Each specimen was cut to a size of 100 x
150 mm, and no separate post-processing was performed. The
cutting method was shear, plasma, laser, and waterjet cutting,
which are cutting techniques widely used in industrial sites. The
detailed sample specifications and the appearances of the cut
edges produced by different cutting methods are summarized in
Table 1. The cross-section was confirmed through SEM after cut-

ting.

Table 1: Sample specifications and appearances of Zn—-Al-Mg
alloy-coated steel after cutting by different methods

. Sample
Cutting -
method Sample Coating Image
THK weight

1.6t(1) M30

Plasma cutting | 2.0t(2) M30

(P) 3.0t(3) MO&

3.2t(4) M30

1.6t(1) M30

Laser cutting 2.0t(2) M30

(L) 3.0t(3) MOg&

3.2t(4) M30

1.6t(1) M30

Waterjet cutting| 2.0t(2) M30

(W) 3.0t(3) M06

3.2t(4) M30

1.6t(1) M30

Shear cutting | 2.0t(2) M30

(s) 3.0t(3) M06

3.2t(4) M30
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Table 2: Comparison of Salt Spray Test (SST) and Cyclic Corro-
sion Test (CCT) Conditions

Salt Spray Test
(SST)
ASTM B117

Cyclic Corrosion
Test (CCT)
KS D ISO 14993
Repeated salt spray—-
dry-wet cycles

Item
Standard
Test environment |Continuous salt spray

NaCl concentra-

: 5 wt% 5 wt%
tion
Spray temperature 35 °C 35 °C (spray stage)
. 1 cycle: spray (2 h) +
Test cycle C:Xnt:)nst(:ss drying (4 h) +
P wetting (2 h)
Drying stage Not applied 60 °C for 4 h
Wetting stage Not applied 50 °C for 2 h
Total test duration 65 days 165 cycles
Environmental | Single, constant con- Multiple, cyclic condi-
variation dition tions
Oxygen availability  Relatively limited Enanced during dry-
ing stage
Dominant corro- | Mainly uniform cor- |Accelerated localized
sion mode rosion corrosion
Slrorlwulatlon of out- Low High
oor exposure
sensitivity to cut- Relatively low Very high

edge corrosion

2.2 Corrosion Resistance Evaluation and Analysis

The corrosion resistance was evaluated using a cyclic corro-
sion test and a salt spray test. The CCT was conducted according
to KS D ISO 14993, with one cycle consisting of 35°C salt spray
(2 h), 60°C drying (4 h), and 50°C wetting (2 h), for a total of
165 cycles. The SST was conducted according to ASTM B117,
with a 5§ wt.% NaCl solution sprayed at 35°C for 65 days. A com-
parative summary of the test conditions and environmental char-
acteristics of the CCT and SST is provided in Table 2. The out-
door exposure test was conducted at a test site in Songdo, In-
cheon, under C4 conditions, with the cut-edge monitored for 6 to

24 months at a 30° south-facing slope.

3. Results and Discussion
3.1 SEM Image Analysis

Figure 1 shows FE-SEM images of the cut-edge cross sections
after laser, waterjet, and shearing cutting. Plasma cutting was dif-
ficult to observe the cut surface due to damage of the coating
layer and substrate. As the thickness of the substrate is thicker,
the cutting energy is required. In the case of laser cutting, the
coating layer burn out the surface due to the heat source. The
shearing method, which is a mechanical cutting method, caused

the crack of coating layer.
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Method 16t{M30) 2.0t(M30) 3.0t{M06) 32t(M30) predominantly uniform corrosion, which facilitates the accumu-

lation of protective corrosion products at the cut edge. In contrast,
CCT involves repeated salt spray—dry—wet cycles, which en-

Laser cutting hance oxygen availability during the drying stage and repeatedly

t=26.81pm t=26.81pum t=17.30pm

100um disrupt protective corrosion layers, thereby accelerating localized

corrosion, particularly for thin substrates and low coating

Waterjet weights.
cutting y :
i o 3.2.3 Outdoor Exposure Test Results
As a result of the 6 - month outdoor exposure test, a small
amount of red rust occurred in the cut edge of 1.6t and 2.0t sam-
Sh;_""g ples. As a result of the 19-month outdoor exposure test, the 1.6t
cutting

sample showed a 90% or more coverage of red rust by white rust.

The 2.0t sample did not decrease red rust but the white rust was

Figure 1: FE-SEM cross-sectional images of cut edges produced relatively increased. The 3.2t samples showed a tendency of de-

by different cutting methods creasing red rust of cut edge and hole after 19 months from 6

months after the start of the test. It is believed that this is due

thickness . Waterjet Shearing to the white corrosion products such as simonkolleite covering
(Coating Laser cutting cutting cutting
eaerl) red rust.
oo : ‘
[ | Sample [
- Cutting . l
3 sample | Coating om &M 24M
Foran _ [ e | b I elent | T
Plasma 1.68(1) M30
r cutting 2.0t(2) M30
3.0t (M06) By | 2o | mos
T 3.2t04) M30 I f
g . 1.6t(1) M30 :
- v Laser
2.002) | M30
] 3.2104) | M30
. 1.6t(1) M30
Figure 2: Cut-edge appearances after 165 cycles salt spray test- m;’:‘ 2002) | M30 - - -
3.00(3) MOE
ing. W o | M3
1611} | M30
::;" 2002) | M30
ls)n‘ 3003} | MO6
3.2 Results of Corrosion Resistance Evaluation _ | 32 | m30 | - | !

321 SST results Figure 4: Cut-edge corrosion behavior during outdoor exposure

As shown in Figure 2, the SST evaluation after 165 cycles re- testing

vealed no red rust formation at the cut edges, regardless of mate-

rial thickness, coating weight, or cutting method. == Plastn

120 ;?ff\ : L\::;ja

3.2.2 CCT Results M,\H _ 3= Shear
On the other hand, as shown in Figure 3, significant red rust g ‘

formation was observed around the hole-cut regions after 165 cy- E &

cles of CCT under low coating weight conditions. In particular, -

the 1.6t samples exhibited red rust around the cut areas regardless &2

of the cutting method. This apparent difference between the SST

and CCT results can be explained by the fundamentally different " 5';u‘,".ic,d&.' (Month) “

exposure environments and corrosion mechanisms of the two Figure 5: Changes in L value at the cut edge as a function of

tests. SST provides a continuous salt spray environment without exposure time for different cutting methods

a drying stage, resulting in limited oxygen replenishment and
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Plasma cutting is a process in which high temperatures of sev-
eral thousand degrees Celsius are instantaneously applied to the
cutting surface. During this process, the metal surface becomes
molten or semi-molten and reacts rapidly with oxygen in the air.
As a result, a dark red layer of Fe-oxide, as shown in Figure 4,
is believed to have formed on the cutting surface. The measure-
ment time points in Figure 5 were selected based on representa-
tive stages of corrosion progression at the cut edge rather than at
fixed time intervals.

Figure 5 shows the changes in the L value at the cut edge de-
pending on the cutting method. In the case of plasma cutting
specimens, the surface exhibited a blackened appearance imme-
diately after cutting due to oxidation and thermal effects, result-
ing in a low L value. The formation of corrosion products led to
a temporary increase in surface brightness, accompanied by a rise
in the L value with increasing exposure time. However, as corro-
sion progressed further, the accumulation of red rust and corro-
sion products caused surface darkening, resulting in a subsequent
decrease in the L value.

In specimens cut by shearing and laser cutting, a bright metal-
lic surface was observed immediately after cutting, resulting in
relatively high L values. As exposure time increased, corrosion
products formed progressively at the cut edges, causing surface

darkening and a gradual decrease in the L value.

3.3 Comparative Analysis of Corrosion Characteristics by
Cutting Method

The initial corrosion rate and long-term stabilization behavior
at the cut surface varied depending on the cutting method. These
differences were mainly associated with the thermal effects in-
troduced during the cutting process [7]-[9]. For waterjet cutting
specimens, negligible heat input during cutting prevented the for-
mation of a heat-affected zone, thereby minimizing oxidation and
surface discoloration at the cut edge.

In addition, the coating layer and substrate experienced mini-
mal microstructural damage, resulting in a stable initial surface
condition. Consequently, the formation of corrosion products
was suppressed, leading to only minor variations in surface light-

ness and a relatively constant L value over time.

3.3.1 Thermal Cutting Samples

The cut surfaces of thermally cut specimens (e.g., plasma cut-
ting) exhibited rapid initial corrosion. At accelerated initial cor-
rosion, the alloy components Mg, Al of the layer around the cut

surface were transformed or volatilized by the high temperature,
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delaying the formation of the initial MgOH2 protective film
[10][11]. This resulted in rapid initial corrosion, similar to that of
conventional zinc [12].

As time passed, the Mg component gradually dissolved from
the intact layer around the cut surface and began to form a pro-
tective film, which resulted in a gradual decrease and stabiliza-

tion of the corrosion rate at progressive stabilization.

3.3.2 Non-Thermal Cutting Samples

The cross-section of the specimens cut non-thermally (e.g.,
shearing) showed a gradual corrosion progression. Early Corro-
sion Inhibition: Since there was no thermal damage during the
cutting process, the alloy composition of the layer was main-
tained, so the Mg component was effectively dissolved immedi-
ately after exposure, forming a rapid MgOHa protective film.

Continuous coating formation and healing: Slow corrosion
progressed over time, but at the same time, the phenomenon of
continuous protective film formation self-healing by Mg and Al
components was observed, effectively controlling corrosion

damage.

4. Conclusion

In this study, the effects of different cutting methods on cut-
edge damage and corrosion behavior of Zn—-Al-Mg alloy-coated
steel were systematically investigated through microstructural
observation and corrosion resistance evaluation. Based on the ex-
perimental results, the effects of cutting methods on cut-edge
damage and corrosion behavior of Zn—Al-Mg alloy-coated steel
were evaluated, and the main conclusions are summarized as fol-
lows.

1. The extent of coating layer damage and surface oxidation
at the cut edge varied significantly depending on the cutting
method, and this variation played a critical role in determin-
ing the long-term corrosion resistance of the material.

2. Thermal cutting processes, such as plasma and laser cutting,
caused severe coating degradation due to evaporation of the
Zn-based layer and oxide formation, resulting in rapid ini-
tial red rust formation and disruption of the sacrificial pro-
tection mechanism.

3. Non-thermal cutting methods exhibited improved cut-edge
integrity; in particular, waterjet cutting preserved the coat-
ing layer most effectively and showed superior corrosion
resistance, while shearing induced localized mechanical
damage leading to gradual corrosion initiation.

4. Although the self-healing behavior of the Zn-Al-Mg
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coating was observed regardless of the cutting method,
higher coating preservation at the cut edge promoted faster
and more stable corrosion protection. Consequently, the
corrosion resistance ranking was determined as Waterjet >
Shear > Laser > Plasma, indicating that waterjet and preci-
sion shearing are the most suitable cutting processes for off-

shore and outdoor structural applications.
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